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Cricket frogs (Acris citans) from several different sites in Illinois were collected to assess the
effects ofenvironmental contamination on the prevalence ofintersex gonads. Of341 frogs col-
lected in 1993, 1994, and 1995,2.7%wereintersexindividuals. Therewasnostatisticalysignif-
icant relationship between the chemical compounds detected and cricket frog intersexuality.
However, therewas an t ion approaching significance (p = 0.07) between the detection of
atrazine and intersexindividuals. Acomparison ofreference sites with sites that had point poly-
chlorinatedbiphenyl (PCB) andpolychlorinated dibenzofiuan (PCD) contmination revealed a
sigficant relationship between sex-ratio reversal and contamiationwith PCBs and PCDFs.
The sex ratio ofjuvenile frogs sudied fiom three sites wit PCB and PPCDF point contamina-
tion favored males over females, which was the opposite ofthe sex ratio in control ponds (p =
0.0007). Thestatisticallysignificant correlation between organochorine n amition and sex-
ratio reversal suggests PCBs and PCDFs can influence cricket frog sexual differentiation. The
current studysuggests that in cricket frogs, sex ratios and the prevalence ofinters= gonads are
altered by environmental con iation. Key wordk Acris crepians, amphibian, con ants,
endocrine disrupters, intersexality, polychlorinated biphenyl, polychorinated dibenzofuans.
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The presence of intersex gonads, where an
animal is producing gametes of both sexes,
has been documented in species ranging
from invertebrates (crustaceans) (1) and
poikilothermic vertebrates (amphibians,
fish) (2-4) to birds (5) and mammals (6),
including human beings (7,8). Individuals
having both male and female gonads and
duct systems have been observed in swine,
ranging from 0.03% to 0.53% ofthe popu-
lation examined (9-11), but this is rare in
other domestic species (12). Intersex gonads
have been reported in few wild invertebrate
(1) and vertebrate (6) species, and most data
sets are inadequate to estimate intersex
prevalence. The presence of masculinized
and/or feminized tissues does not necessarily
impede the mating and copulation process
(4,6). However, reproductive function may
be impeded by the presence of functional
male and female reproductive tissues and an
abnormal milieu ofhormones (3).
The developmental basis for intersexual-
ity in amphibians involves a sexual bipoten-
tiality ofthe gonocytes and gonaducts (13).
Early amphibian tadpoles have undifferenti-
ated gonads that consist of an outer cortex
and an inner medulla (13). These two layers
originate from the coelomic epithelium at
the medial aspect of the mesonephric kid-
ney in the developing embryo and support
the primordial germ cells (14). An indiffer-
ent or bisexual state occurs before genetic
factors induce sex-determining antigens,
peptides, and hormones that differentiate
the cortex into ovarian tissue or medulla
into testicular tissue (14,15). A number of
environmental factors have been reported
to influence sex determination in amphib-
ians. These factors include temperature,
pH of the aquatic medium, and presence
of chemicals that might pose an insult to
the gonads (13). The undifferentiated
amphibian gonad is highly sensitive to
steroidal compounds, and treatment of
males with estrogens during embryonic
development can lead to sex reversal or the
formation ofan ovotestis (14).
Reproductive strategies in amphibians
involving sex reversal are rare (4). However,
some species of anurans, such as the reed
frog (Hyperolius viridifzavus), can undergo
sex reversal to maximize their lifetime repro-
ductive success under environmental stress
and skewed sex ratios (16). Also, some Bufo
males have vestigial embryonic tissue
(Bidder's organ) that can develop into ovari-
an tissue when the testes are removed or
become nonfunctional, but this rarely has
been reported inwildpopulations (4).
A number of mechanisms have been
associated with intersexuality. Gonadal
intersexuality in certain crustacean species
has been attributed to hereditary factors
and forms of parasitism (1,17,18). In
mammals, gonadal intersexuality appears
to be influenced by genetic factors (6,19).
Recent studies suggest that environmental
exposure to anthropogenic chemicals that
mimic or antagonize the activity of natural
estrogens or testosterone may alter sexual
development (5,20-23).
The cricket frog (Acris crepitans) is a
member ofthe familyHylidae. Hybridization
studies have indicated that other hylids have
an XY system for sex determination (24).
However, no heteromorphic sex chromo-
somes have been identified in A. crepitans
based on either size or shape among the kary-
otypes examined (24). The process of sex
determination and the influences on sex
determination are not understood for this
species. We are unaware of any reports that
A. crepitans experiences intersexuality or
undergoes a sex reversal as a normal part of
anyofits life stages.
The two studies described in the present
report are part ofan ongoing research effort
investigating risk factors associated with
population declines of the northern cricket
frog. The goal ofthis studywas to assess the
prevalence ofgonadal intersexuality in adult
and juvenile cricket frogs and to determine
whether sexuality is altered in response to
exposure to environmental contaminants.
Materials and Methods
StudyA
Sites and cricketfrog specimens. In 1993, a
pilot study focused on site identification and
preliminary assessment of histologic lesions
in Illinois cricket frog populations. Twenty
sites were identified. For 1994 and 1995,
pond sites were chosen based on specific cri-
teria, including the presence ofcricket frogs
and suitable habitat. Suitable habitat includ-
ed gently sloping banks with low-lying ter-
restrial plants that merged with shallow
water containing abundant aquatic macro-
phytes. In the latter 2 years, an equal num-
ber of phenotypic male and female frogs
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were collected at each site. In 1994, eight
sites in Illinois with ponds of similar size
were studied, including five in the southern
part ofthe state, two in the central area, and
one in the northeast part of the state. In
1995, seven of the ponds studied in 1994,
as well as a pond in an agricultural area of
east-central Illinois, were studied.
Cricket frogs were captured along pond
banks with hand-held fish nets. To capture
equal numbers ofboth sexes, we preliminar-
ilysexed adult cricket frogs byexamining for
the presence or absence ofa vocal pouch, a
secondary sex characteristic of males. This
pouch is absent in juveniles, which were
caught later in the season. Specimens were
Table 1. Compounds analyzed inwaterand sediment
samples(waterdetecton limitsin parentheses,pg/I)
Herbicides Insecticides
Alachlor (5)
Ametryn (1)
Atrazine (0.5)
Barban (5)
Bifenox (5)
Bromacil (1)
Butachlor (5)
Butylate (5)
Chloropropham (5)
Chlorothal (5)
Cyanazine (0.5)
Diclofop (5)
Dinitramine (5)
Dipropetryn (5)
Diuron (5)
EPTC (5)
Fluchloralin (5)
Hexazinone (5)
Linuron (5)
Metolachlor (5)
Metribuzin (5)
Monuron (5)
Napropamide (5)
Naptalam (5)
Oryzalin (5)
Pebulate (5)
Pendimethalin (5)
Profluralin (5)
Prometon (5)
Prometryn (5)
Propanil (5)
Propazine (5)
Propham (5)
Simazine (1)
Terbethylazine (5)
Terbutryn (5)
Trifluralin (5)
Carbamates
Aldicarb (10)
Aminocarb (5)
Bendiocarb (5)
Carbaryl (5)
Carbofuran (5)
Lannate (5)
Methiocarb (5)
Oxamyl (5)
Organochlorine
Aldrin (0.5)
Chlordane (0.5)
DDD (0.5)
DDE (0.5)
DDT(0.5)
Dieldrin (0.5)
Endosulfan (0.5)
Endrin (0.5)
Heptachlor(0.5)
Heptachlor epoxide (0.5)
Lindane and isomers (0.5)
Methoxychlor (0.5)
Mirex (0.5)
PCBs (0.5)
Organophosphorous
Chlorpyrifos (1)
Diazinon (1)
Dimethoate (1)
Disulfoton (1)
Ethoprop (1)
Ethyl parathion (1)
Fenchlorphos (1)
Fenthion (1)
Fonofos (1)
Isofenphos (1)
Malathion (1)
Methidathion (1)
Methyl parathion (1)
Mevinphos (1)
Phorate (1)
Terbufos (1)
Trichlorfon (1)
Fungicides
Benomyl (5)
Hexachlorobenzene (0.5)
Thiobencarb (10)
Metals
Lead (5, 0.1 mg/kg8)
Mercury (0.1 pg/kg8)
killed in a solution of 3-aminobenzoic acid
ethyl ester methanesulfonate salt (MS-222;
Sigma Chemical Company, St. Louis, MO)
in water (5:100 weight to volume). In 1993,
gonads of 50 intact cricket frogs from 18
sites in east-central and southern Illinois
were grossly examined. In 1994, after the
frogs were killed, half were placed in 10%
neutral buffered formalin (NBF) and the
other half were frozen. In 1995, three-
fourths ofthe frogs were placed in NBF and
one-fourth were frozen. In 1994 and 1995,
we dissected the gonads from both the fixed
and frozen frogs using a dissecting micro-
scope. At that time, frogs were sexed by
gross examination ofthe gonads. In 1994,
gonads from 242 frogs were examined, with
a range of24-38 individuals from the vari-
ous sites. In 1995, gonads from 40 frogs
were examined, with a range of4-7 persite.
For 1993 specimens only, whole-body
demineralization was achieved with formic
acid-sodium citrate decalcifying solution,
andwhole-body histologic sections were pre-
pared. Frozen gonads from 1994 and 1995
were thawed in NBF. Fixed gonads and
frozen-fixed gonads were then embedded in
paraffin, sectioned at 5 pm, and stained with
hematoxylin and eosin. Sections were exam-
inedwith alight microscope and assigned sex
based on histologic examination. We defined
intersex individuals as those frogs that had
either an ovotestis (a gonad that contains
both ovarian and testicular tissue) or that
had one ovaryand one testis.
Contaminant assays. Composite water
and sediment samples were collected in ace-
tone-rinsed containers from multiple loca-
tions in each pond studied during 1994 and
1995. Specimens were collected twice, at the
end of May and late July/early August in
1994, and once in 1995, at the end ofMay.
Forsites 11 and 12, anadditional setofspeci-
mens was collected in lateJune 1998, when a
severeaquaticplant die offwas observed (this
was an unscheduled sampling). Each sample
was frozen and sent to the State ofIllinois
Animal Disease Laboratory at Centralia for
analysis. Water and sediment samples were
analyzed for herbicides, fungicides, insecti-
cides, polychlorinated biphenyls (PCBs), and
metals (Table 1). Water samples (900 ml)
were partitioned three times with methylene
chloride (50 ml each time): oncewith no pH
modification, a second time after adjusting
the pH to >11.0 with 50% sodium hydrox-
ide in water, and a third time after adjusting
the pH to <2.0 with sulfuric acid. The three
methylene chloride extracts were combined,
mixedwith 0.1 ml decane, and evaporated to
near dryness at no higher than 350C.
Sediment samples were extracted in acetoni-
trile:water (9:1), sonicated for 1 hr, filtered,
and dried. For herbicide analyses, the residue
from either water or sediment was resolubi-
lized in acetonitrile:water (9:1) and analyzed
byHPLCwith UVdetection at 220 nm. For
insecticides and PCBs, residues were solubi-
lized in isooctane and analyzed by gas chro-
matography with either electron capture
detection (organochlorine insecticides and
PCBs) or nitrogen-phosphorus detection
(organophosphorus and carbamate insecti-
cides) (Hewlett Packard HP5890, Series 2,
Palo Alto, CA). Water and soil samples for
lead analysis were digested with concentrated
nitric acid, filtered, and assayed by atomic
absorption spectrophotometry with a
graphite furnace. Sediment samples for mer-
cury analysis were analyzed after digestion in
nitric acid and subsequent treatment with
nitric acid, hydroxylamine hydrochloride,
and stannous chloride. A Perkin Elmer 4000
atomic absorption spectrophotometer
Table 2. Differences in PCB contamination among the four cricket frog collection sites at Crab Orchard
Lake (see Fig. 2)
PCB (mg/kg wetweight) Volume abovetargetc
Biotab (cubic yards)
Site Inertsoila Sediment Mice Frogs Soil Sediment
Site C(Control) <0.5 <0.1 ND
Shallow bay ND <0.05 ND
Site D (Job Corps)
Landfill 2-50,000 1.75 4,307
Pond 0.9-260 ND 3,440
Area 9
Landfill <69,000 11.16 76,388
E Shallow Bay 4.1-18 ND 17,363d
FShallow Bay 0.21-4.1 0.81
ND, no data.
PC1B concentration ranges identified bythe EPA(25) and used to establish remediation necessity aswell as planned remedial actions.
bWhole-body PCB concentrations forwhite-footed mice (Peromyscusleucopus) and southern leopard frogs(Rana pipienssphenocephala)
collected fromthe respective sites(26).
cVolumes ofsoils and sediments scheduledto be excavated and incinerated atthetargetsitesto achieve dryweight PCB concentration of
<1 mg/kg (upper30.5 cm ofsoil), <25 mg/kg (subsurface soil), or<0.5 mg/kg (sediment). Soils and sediments containing PCBs at<25mg/kg are
notincluded involumes becausethey are scheduled to be used as backfill (27).
dCombined value from both shallow baysites E and F.
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(Norwalk, CT) was used, and for mercury, a
coldvapor mercuryanalysis kitwas used.
Study B
On 18 and 24 July 1995, 16 juvenile crick-
et frogs were collected from each of three
sites in the Crab Orchard National
Wildlife Refuge near Carbondale in south-
ern Illinois, where point contamination
with PCBs, polychlorinated dibenzofurans
(PCDFs), and polychlorinated dibenzo-p-
dioxins (PCDDs) previously had occurred
(25-28). On the same days, 16 juveniles
also were collected from each ofthree con-
trol sites located outside the area of PCB
and PCDF contamination. One of the
control sites was inside the Crab Orchard
refuge, and the other two were located
approximately 16 km from the refuge.
Extents of PCB contamination from the
Crab Orchard sites are compared in Table
2. Methods for cricket frog collection,
euthanasia, tissue fixation, histologic prepa-
ration, and examination were as described
above.
Statistical Methods
Fisher's Exact test was used to compare
prevalence of intersex gonads at study sites
and detection of atrazine at those sites.
Fisher's Exact test was also used to compare
sex ratios among control and PCB/PCDF
sites. The Sigma Stat (29) statistical soft-
ware package was used for the analyses. A
value ofa = 0.05 was chosen to detect sig-
nificant differences.
Results
StudyA
Testicular tissue ofA. crepitans generally is
heavily pigmented, but approximately 20%
of males had testes with reduced or absent
pigmentation. When this phenomenon was
present, it was noted most often on the
right side. Normal spermatogenesis was
observed in pigmented and nonpigmented
testes. Mature cricket frog ovaries ofnormal
females contained large egg masses, at times
distending the body cavity, with bipolar
eggs (tan/black coloring) that could be seen
without a microscope. Immature egg masses
could be readily identified, but the oocytes
therein were seen only on the microscopic
level. In specimens that had a testis on one
side and an ovary on the other, ovarian size
ranged from well-developed mature female
size (with abdominal distention associated
with the egg mass) to extremely small, with
as few as five oocytes present.
Gonadal sexuality data are presented in
Table 3. Ofthe 55 adult and juvenile male
and female cricket frogs from 1993, two
individuals had both an ovary and testis. In
the testis of one of these individuals, sper-
matogenesis was normal. In the other indi-
vidual, an immature ovary was present, as
well as a testis with no active spermatogene-
sis. This corresponds to an intersex preva-
lence (IP) of 3.6% for the year 1993. In
1994, of 243 cricket frogs examined, 6
specimens from five sites exhibited intersex
characteristics, for an overall IP of 2.5%.
Five ofthe affected individuals had areas of
normal spermatogenesis interspersed with
oocytes (ovotestes). One of the frogs had a
mature ovary and a mature testis with nor-
mal spermatogenesis. In 1995, only one
intersex individual was identified from the
43 frogs examined, corresponding to an
intersex prevalence of2.3%. This individual
had an ovotestis (Fig. 1). For specimens
from all 3 years, the IP was 2.6%.
Water analysis results are presented in
Table 4. In 1994, offive sites where intersex
individuals were found, four had detectable
atrazine. In contrast, ofthe foursites inwhich
no intersex frogs were found, only one con-
tained detectable levels of atrazine. The
Fisher's Exact test ofthe relationship between
detection ofatrazine and the presence ofone
or more intersex cricket frogs approached sig-
nificance (p = 0.07). At the single site treated
in 1994 with copper sulfate, 1 cricket frog of
the 33 collected had an ovotestis. In 1995, no
relationship between detection of atrazine
and intersex was apparent. No intersex indi-
viduals were identified among the three frogs
collected from the pond treated with
endothall in 1995. Concentrations of lead
from both years were considered background
and notassociatedwith intersexuality.
Table3.Cricketfrog intersexuality prevalence for1993, 1994, and 1995byyearand site
No. of Intersex Frogs Site Other
Year Site intersexes conditon persite prevalence (%) abnormatifies
19938 1 0 2 0 None
3 0 1 0 None
6 0 2 0 None
.10 0 10 None
12 1 Ovaryand 5 20 None
testis
14 0 5 0 None
16 1 Ovary and 5 20 None
testis
-18 0 S O None
All 2 55 3.6
11 1 Ovotestes 25 4.3 Reduced testessize
Onefrog had 3forelimbs
15 0 32 0 None
19 0 33 0 None
22 0 5 0 None
All 6243 2.5
S 0 50 None
12 0 4 0 None
19 0 4 0 None
23 0 3 0 None
25 0 4 0 None
19195W 9_4 .
'Whole-bodysectioning performed.
brotalfrogsexamined from3years and combined prevalence.
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Study B
In frogs collected from the PCB point conta-
minated sites and control sites, only one
intersex individual was found. This frog was
from one of the control sites and had an
ovotestis with areas ofnormal spermatogene-
sis and oocytes. The sex ratios ofjuvenile
frogs differed significantly between
PCB/PCDF contaminated and control sites
(Fig. 2). In 13 juveniles from the contami-
nated sites and 13 from the control sites,
gonadal tissue was immature and could not
be identified for histologic preparation. The
Fisher's Exact test used to examine the asso-
ciation between sex ratios ofthe PCB/PCDF
contaminated and control groups revealed a
significantdifference (p= 0.0007).
Discussion
Ovotestes havebeen notedpreviously in other
species of anurans (13); however, to our
knowledge, this is the firststudyto investigate
the prevalence ofintersexuality in any species
ofamphibian or to examine potential influ-
ences of contaminants on sexuality ofwild
amphibians.
The overall prevalence of intersexuality
in studyA cricket frogs from 1993 to 1995
was 2.6%. This may be consistent with the
natural prevalence of intersexuality or may
represent a prevalence altered by hormonal-
ly active environmental contaminants. A
number of insecticides formerly used in
Figure 1. Photomicrographs of two forms of intersexuality in cricket frogs. (A) Oocytes (0) mixed in with the seminiferous tubules; adjacent tubules had normal
spermatogenesis (S). (B)The frog had one ovary(0) and one testis (T)with normal spermatogenesis.
Table4.Waterandsedimentcontaminaton results'
Pesticide concentration (mg/I) Lead Leadconcentration (mg/I)
Year Ske Matrixb Pesticide May June July/Aug matrixc May June July/Aug Otherpesticides
X1 QU WtAIr Atrai.n. kin nnnQ Ca.man:. In 10n n ra
Sediment 10.34 8.74
23 Sediment 16.92 4.4
5 Sediment 4.0
12 Water Atrazine 0.001 Sediment 4.0
19 Sediment 9.3
23 Sediment 3.4 Endothallf
25 Sediment 1.41
NU,notdeteCted.
aln1994,waterandsedimentweresampledtitice;attheendofMayandendofJuly-arlyAugust In1995,waterand edimentweresampladonetime;attheandofMay.
bPesdcidesworemeasured onawetweightbasis.
`Sedimentleadwasmaasuredonadryweight basis.
"Thesesiteswaresamplad anextratme.
"Jnits arepll.
fPesticides used byland owners, butnotincluded intheanalytical profile.
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midwestern agriculture including DDT,
dieldrin, and endosulfan have demonstrat-
ed estrogenic potential (5,21-23,30,31),
although none of these was present at
detectable concentrations in our study
ponds. In contrast, the herbicide atrazine,
which often was detected, possesses limited
estrogenic potential (31). Our 1994 data
suggested a relationship between environ-
mental contamination with atrazine and
the prevalence of intersexuality in cricket
frogs. This was not apparent in 1995, but
fewer frogs were collected from each site
that year, substantially reducing statistical
power. Atrazine-contaminated sites may
represent areas ofgreat agricultural impact,
potentially involving other chemical, physi-
cal, and biotic factors.
Sex ratios of cricket frogs shortly after
metamorphosis strongly favor females (32),
as was the case at the control sites in study
B. However, at the sites contaminated by
PCBs and PCDFs, there was a striking sex-
ratio reversal in juvenile cricket frogs result-
ing in a high number ofmales. As previous-
ly documented in cricket frog populations
in Kansas, the percentage offemale cricket
frogs declines from metamorphosis to
breeding (32), possibly due to greater pre-
dation rates as theybecome ladenwith eggs.
A marked increase in the male:female sex
ratio maydecrease the likelihood ofsuccess-
ful mating and may represent a biomarker
for contamination with hormonally active
contaminants.
Feminization due to estrogenic and/or
antiandrogenic contaminants has been well
documented in many species ofvertebrates
(5,20-23,30-34). Various congeners and
mixtures of PCBs, PCDFs, and PCDDs
possess a spectrum ofestrogenic, antiestro-
genic, and antiandrogenic effects (27,
34-38). Soil, dust, and air near the conta-
minated sites contained both estrogenic
and antiestrogenic PCBs and PCDFs, but
antiestrogenicity dominates the net effect
of the PCB/PCDF mixtures at these sites
(28,36). Although the antiestrogenic copla-
nar compounds were present at lower con-
centrations than the estrogenic com-
pounds, the former are more potent, and
estrogenic effects are unmasked only after
coplanar compounds are stripped from the
mixtures (36). Dose-response relationships
for PCBs and PCDFs may be nonlinear
and therefore challenging to characterize
experimentally. For example, such com-
pounds may cause low-dose effects that are
absent at higher doses (37,38). In addition,
enzyme induction at higher doses may alter
toxicokinetics ofthese contaminants, there-
by decreasing concentrations at receptors
(29,36,34. Furthermore, all types of con-
geners present at the contaminated sites of
Crab Orchard, as well as their mixtures,
disrupt thyroid hormone (T4) function.
M.Jm Mal
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Figure 2. Map of Crab Orchard Lake illustrating sex-ratio reversal in PCB/PCDF-contaminated sites com-
pared to controls. Sites A, B, and C were control sites. Sites A and B were two small ponds located
approximately 16 km north-northwest of the lake. Site C was located on the lake. Sites D, E, and F were
PCB/PCDF-contaminated sites. Site D was a small pond adjacent to the lake. Sites E and F were located
nearthe Sangamo Landfill on the lake. There was a significant correlation between sex-ratio reversal and
PCB/PCDF contamination (p =0.0007). Numbers above bars signify nforthe groups.
Reduced thyroid hormonal activity may
add complexity to interactive effects. As
PCB dose increases and systemic T4
declines, some rodent tissues may be less
responsive to estrogenlike actions (36,37),
and T4 is critical to amphibian metamor-
phosis (15). Because of such factors, it is
difficult to predict the net actions ofcom-
plex environmental mixtures ofhormonally
active contaminants.
Whether genetics, temperature, or a
combination of these determines sex in
cricket frogs remains to be investigated.
Witschi (39) reported that tadpoles of
Rana temporalis in water at 10°C and lower
produced 100% females, while 15-21°C
produced a near 1:1 ratio ofthe two sexes,
and tadpoles at 270C or higher produced
100% males at metamorphosis. Hayes and
Licht (40) found that, unlike Xenopus
laevis, Bufo boreas metabolized testosterone
more efficiently at higher temperatures
than at lower temperatures. Rates of con-
version oftestosterone to estradiol were not
determined. Because of the many enzyme
systems involved, the roles of temperature
and contaminants including PCBs and
PCDFs on enzymes involved in steroid
production and metabolism are likely to be
complex (41). Although we did not moni-
tor water temperatures, there is no reason
to suspect marked differences among the
water temperatures of the various sites.
Thus, ourstudystrongly suggests an associ-
ation between PCB/PCDF contamination
and sex-ratio reversal in cricket frogs.
Whether atrazine accounts for findings of
intersexuality is less clear. Understanding
genetic mechanisms of sex determination
in this species, coupled with controlled
exposures to PCBs, PCDFs, atrazine, and
other contaminants, is warranted to deter-
mine mechanisms by which genetic and/or
temperature-related determinants ofsex are
altered by exposure to anthropogenic
chemicals.
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